Abstract-Fall poses a major problem, which raises the concern of elderly populations aged 65 and above in all over the world. In this paper, we propose Forward Scattering Radar system as a Doppler sensor in distinguishing features of fall events from nonfall activities. The signal features of joint time-frequency representations are used for detection, while the support vector machine, which is based on the short-time Fourier transform feature, has been used in the classification process. An indoor experiment was conducted to emulate the elderly people's daily activities and the falling down event, where 50 trials were carried out by five adults for each of the activity. The detection results indicated that the forward scattering radar has a high ability in detecting the micro-Doppler signatures generated from the low speed motion of a human body segments during daily activities. The preliminary classification results are 100% for the corresponding free fall-sitting on a chair, free fall-sitting on the floor, and for all three activities.
INTRODUCTION
According to the statistics from World Health Organization (WHO), the number of elderly populations aged 65 and above has dramatically increased during the last decade, where it was constituted at 8% of world's populations in 2010 with the expected percentage doubling in 2050 [1] . Falls represent a major problem that raises the concern of elderly populations worldwide. Serious injuries can occur as a result of a fall such as hip and upper limbs fractures as well as mental and physiological effects that may lead to death [2, 3, 4, and 5] . It is quite important to detect events of falls instantly as this would provide timely interventions by nursing staffs in providing the required necessary assistance. Different technologies with different principles of operation have been adopted in many researches as a means of detecting elderly falls. The difficulty in choosing a highly reliable detection system is that it must possess a distinctive ability in recognising the fall event among different activities with a very low rate of false positive alarm. False positive alarm means that the system indicates the activity as a fall event but is not actually a fall [6] .Wearable sensors such as push buttons and accelerometers are the most common fall detection systems used in measuring the changing velocity rate of a human's body during fall events [7, 8] . The accelerometer can be fixed on any specific parts of the body according to a particular activity under consideration [9, 10] . The location of the accelerometer on a specific part of the human body for a particular daily activity plays a major role in measuring the value of acceleration signal for the type of human body that is required to be investigated. Although the wearable devices are generally small in size, lightweight and have a low cost and power consumption [11, 12] , they have many drawbacks among which, the device must be worn at all times, thus resulting in a high level of obtrusiveness for the elderly or a person of interest (POI) [12, 13] as well as being easily breakable and possess high false alarm rates. Moreover, push button devices are ineffective in detecting the loss of consciousness as a result of a fall [14] . Another approach for detecting falls is by using the camera-based system [15] , which can be used as an external device (e.g. does not require to be carried by a POI or attached to an elderly person's body) for continuous observation and analysis of the daily activities that utilises video processing algorithm. The obvious advantage of this method is that the monitored person is not required to wear any special apparatus. It has a longer shelf-life and can also be used for monitoring multiple activities of POI simultaneously [15, 16] . However, a home camera-based approach poses many disadvantages, which include complex installation, a higher cost in video processing algorithms, and limitation of performance in dark places, target occlusion and most importantly, the intrusion of privacy [17, 18] .
can be mounted on walls and ceilings in different rooms, depending on the needs and signal strength.
The principle of a radar system operation works by depending on the transmitting electromagnetic waves with a particular frequency band (carrier), then detecting and analysing the reflected signals from the moving target. When the radar transmits an electromagnetic signal to a target, the signal interacts with the target and returns back to the radar. Changes in the properties of the returned signal reflect the characteristics of interest for the target. When the target moves with a constant velocity, the carrier frequency of the returned signal will be shifted and is known as Doppler frequency shift or Doppler effect [20] . The Doppler frequency is a function of transmitted frequency and the velocity of a moving target. Studies have shown that human walking is a complex behaviour [21] . Human motion has complex articulation and reflects radar or sonar signals with Doppler modulations that reveal information about motion dynamics. For an articulated object such as a walking human, the time-varying motions of human body segments (leg, arm, torso, etc.) induce frequency modulation (FM) on the returned signal. The returned signal constitutes the Doppler signature of each moving segment of the human body. Everyone has his own unique Doppler signature [22] ; hence, Micro-Doppler signature represents a crucial parameter in the classification of human motion. Many studies have been performed on the micro-Doppler signatures in detecting and differentiating fall events from the other daily activities in elderly people by using classical (or monostaic) radar systems [7, 23, and 24] . Bistatic radar system [25] has also been used in the analysis of human micro-Doppler signature to classify different indoor activities and identify fall events.
Forward scattering radar (FSR) is a special case of bistatic radar when the bistatic angle β is equals to 180o where the transmitter and receiver are separated in their locations and there is a direct vision between them [26] . Using the FSR has many advantages over the conventional monostatic and bistatic radar systems. These advantages can be summarized as: (1) enhancement in target radar cross section (RCS), (2) relatively simple hardware structure, (3) high ability in detecting stealth targets regardless of the target's shape or coating materials, and (4) absence of target phase fluctuations that make coherent signal processing possible over the full visibility time of the target [27] . The feasibility of FSR in detecting micro-Doppler signatures has been investigated for the first time by our research group [28] , [29] . The results in this paper show that the radar in FSR mode has the capability in detecting the micro-Doppler signatures induced from the micro-motions of a human body. These positive results have motivated us to have a comprehensive study on the feasibility of using FSR system in detecting the micro-Doppler signatures of a human's daily activities and to identify fall events. The research has been organised as follows: Section II presents the FSR system and its experimental setup, which is followed by the detection, classification and analysis of the experimental results in Section III and lastly, conclusion is made in Section IV.
II.
FSR SYSTEM AND EXPERIMENTAL SETUP The experiment was conducted in the radar lab of Universiti Putra Malaysia (UPM). The real experiment's configuration is shown in Fig. 1 . The lab comprised of five long tables that were placed against the walls, chairs, and laboratory appliances as a way of representing the real living environment in a house. The radar system consisted of two symmetrical horn antennas model PNR 250-441EM-NF, which operate at a frequency range of 2.5-7.5 GHz, and the total gain is 15dB. The experimental setup is illustrated in Fig. 2. Fig.  2(a) depicts the experimental setup for sitting on a chair and sitting on the floor, while Fig. 2(b) describes the experimental setup for free falling. The transmitter (Tx) and receiver (Rx) in FSR system are separated by the baseline distance, BL= 4 m with a direct vision between them. The height of both Tx and Rx antennas are 1.12 m each, which represents the height of a human's centre of gravity. The value RTx = RRx = 2.2 m represents the range from Tx to the target at point S and from the target to Rx respectively with an initial bistatic angle, β as 130.8°. The instantaneous FSR Doppler frequency shift fd(t) can be expressed as follows [26] :
where v is the target radial velocity, λ is the transmitted carrier wavelength and δ is the target aspect angle. The target aspect angle is defined as the angle between the target direction of motion and the bistatic angle bisection line SCE. From equation (1), FSR Doppler frequency shift fd(t) is a function of v, λ, β, and δ. In this research, the experiments were performed in such a way that the target direction motion is along the bisection line SCE. Hence, the value of δ is zero, which is not displayed in Fig. 2 . A 3 GHz continuous wave signal with a power of 0 dBm and vertical polarization is transmitted using the horn antenna. As shown in Fig. 2 , a selfmixing receiver, which consisted of a low noise amplifier (LNA), a non-linear detector, a low pass filter (LPF), and an analogue-to-digital converter (ADC) is used. A laptop has been used to process and analyse the domain signal time at the output of the receiver using Matlab program. Due to the direct vision between Tx and Rx, the receiver receives the direct path signal (carrier signal) from the transmitter, which will act as a pseudo local oscillator signal mixed with the backscattered signal to generate the Doppler frequency signature. This method is to actively combat the noise effect that is generated from the carrier frequency, which is offset in the traditional radar receivers. The utilisation of this method has provided the FSR system with the ability in measuring very low Doppler frequencies of up to 1 Hz [30] . Two common daily activities (sitting on a chair and sitting on the floor) and one event (free falling down) have been considered for this experiment (refer Table 1 ). The experiments were carried out by 5 healthy adults, where each of them repeated the respective activitiesfor10 times with a recording time of 5 seconds. Table 1 were carried out by using the experimental setup configuration shown in Fig. 2 . The three activities that were investigated in this paper are depicted in Table 1 . The corresponding Fig. 1(a) and Fig. 1(b) illustrate the activities that were implemented at the centre of the baseline, while Fig. 1(c) shows the free falling at point S, which is located 1 metre away from the centre point at the baseline. The characteristics of the time-frequency for the Micro-Doppler signature generated from the movement of a human's body segments were analysed using the short-time Fourier transform (STFT). The time-domain signature of a human sitting on a chair is shown in Fig. 3(a) . As shown from the figure, the baseline was crossed twice by the human's body; sitting on a chair and leaning backward into the direction of point E. These two events are shown in Fig. 3(a) as highlighted by the red rectangles. Fig. 3(b) illustrates the accumulated power signal reflected from the human's body during the sitting on the chair activity, while Fig. 3(c) represents the spectrogram of Doppler signature from sitting on a chair. As is clearly shown from this figure, the spectrogram of sitting on a chair consisted of two components; the motion derived from sitting on a chair and leaning backward into the direction of point E. The micro Doppler signature is shown in Fig. 3(c) , which was basically generated from the human hand motion as indicated by the yellow arrow. Fig. 4 is for the sitting on the floor activity. Fig. 4(a) illustrates the time-domain signature of sitting on the floor with the crossing of the baseline that is differentiated by a red rectangle when there is motion of the human body sitting on the floor. Fig. 4(b) shows the accumulated power signal of sitting on the floor, while Fig.  4(c) demonstrates the micro-Doppler signature of a human during the sitting on the floor activity at point C (on the FSR baseline), which is denoted by the yellow arrow.
III. EXPERIMENTAL RESULTS AND DETECTION ANALYSIS The experiments illustrated in
The time-domain signature and the accumulated power signals for free falling of a human that begins from point S along the SCE line are shown in Fig. 5(a) and Fig. 5(b) respectively. The crossing of the baseline is shown by a red rectangle and the acceleration and impact of a human body on the floor can be clearly seen in Fig. 5(a) . The Doppler and Micro-Doppler signatures generated from the free falling down event for a human at a stationary standing point S, which is 1 metre away from the centre point C on the baseline is illustrated in Fig. 5(c) . The micro-Doppler signature is shown by the yellow arrow.
As described in equation (1), the Doppler frequency shift fd(t) is a function of target velocity v, and bistatic angle β when the λ and δ are constant. While there is a minute changing rate in the bistatic angle β, and the vertical and horizontal velocities are also small when the human is sitting down on a chair or is directly sitting on the floor from a standing position. Hence, the magnitude of Doppler frequency for sitting on a chair activity is 11Hz and the values of microDoppler frequency has been extended up to 23Hz as shown in Fig. 3(c) , while the Doppler frequency for the sitting on the floor activity is 18 Hz, and the micro-Doppler frequency is extended up to 27 Hz as illustrated in Fig. 4(c) . For the free falling event, the value of the Doppler frequency is 38 Hz, while the micro-Doppler frequency generated during the free falling event is extended to 48 Hz, which is illustrated in Fig.  5(c) . Since all of the experiments have been conducted from a stationary position, the Doppler and micro-Doppler signatures are basically generated from the human's torso and arms in motion. The study has demonstrated that the vertical and horizontal velocities of a human's torso and arms have increased greatly during the uncontrolled fall events and may reach up to 3 times of the normal velocity level [31] . As shown from the three respective groups of figures 3(c), 4(c) and 5(c), the FSR system not only possess a high ability in detecting the target's Doppler and micro-Doppler signatures generated from the movement of a human's body segments near the base line [28, 29] , it has also proven its ability in detecting micro-Doppler signature generated from a human's body motion during daily activities.
A. Features Extraction
The spectrograms in Fig .3(c) , Fig. 4(c) and Fig. 5(c) show that human activities generate many frequencies, which is attributed to the different parts of the body moving with different velocities. These figures also show the normalized power signal distribution at each frequency. A 16385×305 power matrix, P is obtained from STFT analysis. An accumulated power value that is included in P is called a power burst curve (PBC) [24, 32] and is shown in Fig. 3(b) , Fig. 4(b) and Fig. 5(b) for the three respective activities. This method is used to determine the exact occurrence time of an activity or an event.
From the investigation of these experimental results, it was observed that the amplitude levels of STFT components, which were extracted from the time-domain signatures of a fall event, are higher than those derived from the sitting on a chair and sitting on the floor over a frequency range of 25Hz to 40 Hz.
As a means of gaining a more reliable classification process, a window of 25Hz to 35Hz of STFT is extracted as part of an input feature into the classifier in performing the classification between the fall event and the other two activities.
B. Classification Results
The activities depicted in Table 1 have been carried out from a stationary position by 5 healthy adults. Each activity was performed in10 iterations. The correlation time in measuring a single trial is 5 seconds. The total number of trials for each of the activity was 50 times and the total number of trials for all three activities was150. The support vector machine (SVM) classifier was adopted in this research as a means of performing the classification between the free falling event and the other two activities. SVM performance was modified by using the kernel method that sets the boundaries of classes. Kernel methods owe their name to the use of kernel functions, which enable them to operate in a high-dimensional, implicit feature space without ever computing the coordinates of the data in that space, but rather by simply computing the inner products between the images of all pairs of data in the feature space. Different SVM algorithms use different types of kernel functions and these different types of functions can be in the linear, non-linear, polynomial, radial basis function (RBF) or sigmoid form. In this research, SVM on Matlab library and LibSVM [32] supported by RBF have been used to perform the classification results. The group of classification performance results as shown in Fig. 6 . Fig. 6(a) illustrates the classification performance between the free falling and sitting on a chair activity, while Fig. 6(b) demonstrates the classification performance between free falling and sitting on the floor movement. The classification results for all three activities are shown in Fig. 6(c) .
As illustrated by these three figures, the STFT features of the free falling, sitting on a chair, and sitting on the floor have been separated by a wide margin and a non-linear hyperplane. This is because the STFT features, which are represented by the red + signs associated with the random motion of a human's limbs during a fall event produced a higher amplitude level than the results obtained from sitting on a chair and sitting on the floor that are marked with the corresponding rhombus and star signs.
A 100% accuracy level from the preliminary results on the classification performance was achieved when the STFT features extracted from the FSR micro-Doppler signatures were used for the classification between the free falling-sitting on a chair, free falling-sitting on the floor, and free falling-nonfalling activities (both sitting on a chair and sitting on the floor), as depicted in Fig. 6(a), Fig. 6(b) and Fig. 6(c) .
IV.
CONCLUSION In this research, the capability of the FSR system in detecting and classifying a human's daily activities was investigated.An indoor experiment was conducted, where the FSR setup was used with an adult performing two daily activities (sitting on a chair and sitting on the floor) and one event (falling down). The STFT spectrogram was used in detecting processing signals, while the SVM based on the STFT features was used for the classifications process. The experimental results demonstrated that the FSR system not only has the capability in detecting the micro-motions induced from a human's extremities movement, but also has the ability in detecting and classifying the low speed of a target's body motion when performing normal daily activities.
A 100%accuracy level was observed for the performance classification of free fall-sitting on a chair, free-fall-sitting on the floor as well as for all of the three activities.
The most crucial issue in this research is how to improve an elderly person's life, while maintaining his/her independence. Therefore, in accordance with the promising results derived from the detection of micro-Doppler features and its capability in the classification processes, FSR system can be considered as a potential assistive living sensor in providing early warnings for fall prevention thereby reducing the chances of falls, as well as supporting an elderly person's life while maintaining his/her independence. 
